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The present invention concerns an optical fiber. 

An optical fiber is known, with a so-called step index, which comprises a cylindrical glass 
core surrounded by a tubular cover that consists of a material that has a refraction index that is 
lower than that of the core. As the diameter of the core of the fiber is relatively large, e.g, 100 
microns, the fiber can transmit multimode optical radiation. Combined with an electro-luminescent 
diode or a laser with a semiconductor that emits radiation with a wavelength between 800 and 900 
nanometers, an optical fiber of this type can be applied to a device for information transmission 
over a distance. 

Although the information rates of devices that use multimode radiation is relatively low (50 
megabits per second), today these devices offer an important economical advantage. In fact, the 
emitters associated with these devices are very reliable. 

It is necessary to use an optical fiber of which the diameter of the core is a lot smaller, 
appproximately 3 to 6 microns, in order to realize an optical fiber that is capable of transmitting 
monomode radiation. These fibers are capable of transmitting information at much more 
significant rates, for example, of several gigabits per second, but for this, they must be combined 
with laser emitters that produce an increased coherence, these emitters being much less reliable 
than the electro-luminescent diodes or the lasers with semiconductors. Moreover, the optical 
joining of the emitter and the fiber poses difficult technical problems because of the small diameter 
of the core of the fiber. One expects that the problems of the reliability of the lasers and the joining 
will be resolved in the future, so that it will be possible to take advantage of the large information 
rates of optical fibers that transmit monomode radiation. 

It is unavoidable that the optical transmission devices of the present state of the art must 
utilize multimode radiation. Actually, the realization of such devices can be envisaged only with 
difficulty when the information must be transmitted over a long distance. In fact, the installation of 
the fiber itself requires considerable investments that will recur when the transmission devices 
that utilize monomode radiation will become operational. 

The present invention has the goal to remedy this inconvenience and to realize an optical 
fiber that is capable of transmitting multimode radiation or monomode radiation. 

The present invention has as object an optical fiber comprising: 
- a cylindrical core 
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- and a coaxial tubular cover with a refraction index n 3l this cover immediately surrounds the core, 
the optical fiber being capable of transmitting in the core multimode optical radiation with 
wavelength L, characterized by that this core is formed by 

- a first coaxial cylindrical part with refraction index rn 

- and a second coaxial tubular part that immediately surrounds the first part, while this 
second part has a refraction index n 2 that is lower than rn but larger than n 3 , 

the value of the diameter of the said first part is sufficiently low so that the optical fiber is capable of 
transmitting in the first part monomode optical radiation with a wavelength that is approximately 
equal to L, when the optical multimode radiation is not transmitted. 

Particular forms of the object of the present invention are described below, as an example, 
with reference to the appended drawing which comprises only one figure that represents in cross 
section a realization mode of the optical fiber according to the invention. 

The fiber represented in this figure contains a cylindrical glass core of diameter d 2 . This core 
consists of two parts, a cylindrical part 1 with diameter di and a refraction index ni and a second 
coaxial tubular part 2. Part 2 immediately surrounds part 1 : as a result, its internal diameter is equal 
to di and its external diameter is equal to the diameter d 2 of the core of the fiber. The refraction 
index n 2 of the glass that forms part 2 is smaller than ni. 

Finally, the optical fiber comprises a tubular cover 3, with external diameter d 3 , that 
immediately surrounds part 2 of the core: Its internal diameter is thus d 2 . The cover 3 can be made 
either of a glass or, as represented, a transparent plastic such as a silicon resin. The material that 
forms the cover 3 has a refraction index n 3 which is smaller that n 2 . 
The in the figure represented fiber can transmit in the core of diameter d 2 multimode optical 
radiation with an average wavelength L. Hereto the diameter d 2 must be chosen in such a way 
that the relation: 



™> 0.383 n\@nl 2 (1), 
is satisfied. 

As an indication, one could choose, for example: 
d 2 = 55 microns 
L = 0.830 microns 
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n 3 = 1.45 

n 2 = 1 -505 

and, d 3 = 140 microns. 

One will notice that inequality 1 is written using n 2 forthe refraction index of the core while the 
core is composed of two parts with indices n t and n 2l respectively. In fact, this approximation is 
valid because the section of the first part 1 is always small with respect to the total section of the 
core and the refraction index of this first part is very close to that of the second part. 

As an example, one has: 
di = 5 microns 
= 1.51. 

The in the figure represented optical fiber can also transmit monomode optical radiation, 
with a wavelength approximately equal to L, when it does not transmit the multimode 
radiation. 

The monomode radiation is thus transmitted in the first part 1, with a smaller diameter, of the 
core of the fiber. The value of the diameter di of the first part 1 of the core must be sufficiently small 
so that the following inequality: 

»< 0.383 of @ni 2 p) 

which is nothing but the well-known condition for the transmission of monomode radiation, is 
satisfied. 

The fiber described in the above has an external diameter that is much larger than the 
external diameter and this is strictly necessary in order to ensure transmission of monomode 
radiation. This relatively large diameter of the fiber is in reality an advantage because it 
facilitates handling and makes it possible to avoid breaking. 

Moreover, part 2 of the fiber, which behaves as a cover when operating in the monomode 
regime, must be made from glass with a low attenuation in order to ensure good functioning in the 
multimode regime. In the monomode regime, the low attenuation of this second part 2 allows a 
significant reduction of the optical losses which one generally observes in the covers of optical fibers 
that transmit monomode radiation. 

The optical fiber according to the invention can be obtained by pulling a warm optical blank if 
the cover 3 is made from glass. The optical blank can be realized by utilizing the known vapor 
deposit method or by the introduction of a bar in a tube that is itself located in the internal volume of 
another concentric tube. 
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If the cover 3 is made from plastic, the fiber according to the invention' can be obtained, 
starting from an optical fiber with step index, by a coating method that is also known. 

A fiber according to the invention can be applied to the transmission of information using 
multimode optical radiation. For this, one directs the radiation of a source with low coherence to the 
parts 1 and 2 of an end section of the fiber. 

Such a fiber can also be applied for the transmission of information with monomode optical 
radiation. For this, one directs the radiation of a laser source with high coherence to the part 1 of the 
end section of the fiber. 

As a result, the same fiber according to the invention can be used initially in a transmission 
device for information using multimode radiation and later this multimode device could be 
transformed into a monomode device by changing the radiation source, but without changing the 
fiber itself. 

Of course, the present invention is not at all limited to the realization modes described and 
represented, which were only given as indications of examples. In particular, one can, without 
leaving the framework of the invention, change certain arrangements and replace certain means 
with equivalent means. 
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CLAIMS 

1. Optical fiber comprising: 

- a cylindrical core 

- and a coaxial tubular cover with a refraction index n 3 , this cover immediately surrounds the core, 
the optical fiber being capable of transmitting in the core multimode optical radiation with 
wavelength L, characterized by that this core is formed by 

- a first coaxial cylindrical part with refraction index ni. 

- and a second coaxial tubular part that immediately surrounds the first part, while this second~part 
has a refraction index n 2 that is lower than but larger than n 3l 

the value of the diameter of the said first part is sufficiently low so that the optical fiber is capable of 
transmitting in the first part monomode optical radiation, with a wavelength approximately equal to 
L, when the optical multimode radiation is not transmitted. 

2. Optical fiber according to claim 1, characterized by that the cover consists of a transparent 
plastic. 

3. Optical fiber according to claim 1, characterized by that the cover consists of a glass. 
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